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Target detection 



itmhmino^n!^ J™* ° nc * /m for fofmin 9 respective pixel signals and means for 

combm.ng signals from adjacent recervers, to provide a 'Laplacian' filtering method for target enhancement 
The array ,s preferably mounted on a dielectric substrate which also carries integrated range ^tfng ^cute 34 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
The prim reflects an assignment of the application under the provisions of Section 30 of the Patents Act 1977. 
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Target Detection 

This invention relates to radar target detection systems of the 
kind comprising a lens for receiving R.F. radiation returned from a 
viewed scene and an array of receiver circuits upon which the received 
radiation is imaged. The scene is thus divided into a series of 
•pixels' each of which is viewed by a separate one of the receiver 
circuits. The system may be of the kind comprising a dielectric lens 
and, supported at the rear face of a dielectric substrate, an array of 
integrated antenna/mixer circuits operable to produce respective I. P. 
signals indicative of the associated 'pixels'. Each circuit may 
comprise a metallised antenna pattern, for example a pair of crossed 
dipoles (one to pick up the signal radiation with is arranged to be 
linearly polarised, and the other to pick up an orthogonally polarised 
local oscillator radiation^ which is directed onto the array^ along with 
a mixer diode arrangement of which the diodes may be integrated into the 
substrate or applied, in the manner of a thick-film circuit, on top of 
the metallisation pattern. Various modifications to this basic idea are 
possible. For example, the metallisation may be such as to define slot 
antennae rather than dipoles, the local oscillator signal may be 
injected into the circuits rather than irradiated thereon (i.e. so each 
circuit need only comprise one dipole but, probably, a more complex 
structure regarding the attached circuitry) , the antennae may be sized 
and/or local oscillator and so on. Such systems are called 'Monolithic 

Array Receivers'. 

Vfcen the 'scene' consists of a small target such as a military 
vehicle viewed against a cluttered background, problems arise of 
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distinguishing between target and clutter. This is because the radar 
returns of both may appear to be similar at any receiver output. 

A number of methods of distinguishing between a target and 
clutter have been proposed. These rely on the application of 
sophisticated data processing to every elementary receiver. Proposed 
methods include the use of various forms of doppler processing, and the 
compar ison of the target returns at different polarisation planes. All 
these methods require either the construction of many parallel 
processing circuits, or the digitisation of the intermediate frequency 
output from each element and the application of high speed digital 
processing in series or in parallel to all these outputs. These methods 
are both expensive and bulky. 

One object of the invention is to provide an alternative form of 
signal processing for target extraction which may be preferred in some 
cases. A further object is to provide a form of target extraction which 
can take place on or near the substrate carrying the antenna/mixer 
circuit array, and thus avoid the above problems of bulky and expensive 
processing. 

According to one aspect of the invention, there is provided a 
target detection system comprising an array of radar receivers for 
forming signals indicative of respective pixels of a viewed scene and, 
for each receiver, signal processing means for combining the receiver 
output with the outputs of adjacent receivers so as to enhance the 
contrast between scene items occupying only one pixel as against items 
extending over several pixels. 



According to a second aspect of the invention, there is provided 
a target detection system comprising an array of radar receivers 
supported by a dielectric substrate and, for each receiver, range gating 
means for passing signals from the associated receiver which correspond 
to radar returns from within a range to the system determined by the 
range gating means, and integrating means for integrating* the signals 
from the associated receiver, said range gating" means* and said 
integrating means being supported by said substrate. 

For a better understanding of the invention, reference will be 
made to the accompanying drawings, in which :- 

Figure 1 is a plan view of a missile crossing a terrain and 
carrying a target detection system; 

Figure 2 is a top view corresponding to figure 1; and 
Figure 3 is a simplified circuit diagram of part of the 
detection system used on the figure 1 missile. 

The principles involved in this method of processing are 
illustrated in Figure 1. This shows a plan view of a flying vehicle 
carrying a monolithic array receiver and searching a scene. The scene 
is illuminated by a pulse illuminator carried in ' the vehicle or 
elsewhere. 

In a simple embodiment of this method of processing all the 
receivers of the array are range gated simultaneously on the chip 
itself. This ensures that radar returns from only a narrow strip of the 
scene are received. The strip moves across the scene at the velocity of 
the flying vehicle, but its position can also be changed by adjusting 
the range gate. The position of the strip is however independent, 
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within limits, of the pitch angle of the vehicle and of the Nations 
of the countryside since it is detent solely by range, see 
figure 2. At any instant only receivers which are looking at the scene 
at the chosen range will have any significant out**t. . .Ml other 
el^ents will give an out^t only of Bolt^an noise. . . 

tte outputs of all receivers are integrated to enhance the 
oonstant between noise on the one harf. and target return plus clutter 
o„ the other, m addition, there is incorporated a ^lacian spatr^ 
£ilt er into the range gati^ a* integrating process which will have the 
effect of enhance targets which occuw only one scene pixel, - 
oootrast to background clutter sources which occu^ .any such pixels. 
M ^i^t of this fflethod is illustrated in Figure 3. 
Pi^e 3 shows one receiver 30 fr» an array of such receivers 
(the others not being shewn) all suited at the bac* of a dielectric 
^te (not shown) which revives signal radiation. a* local 
oscillate, radiation via a dielectric lens (not shown, . «. receiver 
crises a pair of crossed dipoles 31 interconnected by d.cdes, 

32 and coupled to an IP amplifier 33. The 
represented by mxer symbol 32, ana coup 

,„ oassed to each of two range gate 
IF output signal of the receiver is passed 

- . respective gatinc pulses from a timing 
switches, and controlled by respective ga . 

nw ^f-ina Dulses are synchronised by a signal from the 
circuit 36. Toe gating pulses ^ i 

tetter which ill^inates the viewed scene and the long* -/« 
^sition of each is controlled by a set range signal a^Ued to the 

circuit 36 . _ . 

te ^ses fotned by circuit 36 are as to open gate 34 

(call ed the target g ate> for a relatively short ti« period passim 



receiver signals corresponding to returns f ran within the narrow range 
band represented by the central shaded band 20 in figure 2 which gate 35 
(the clutter gate) is opened for a longer time period, containing the 
short one, to pass signals corresponding to returns from within the 
wider band 21 in figure 2. 

The IF signals from the target and clutter gates 34 and 35 are 
detected by diodes 37 and 38 and passed, along with the detected clutter 
gate outputs from the two adjacent receivers in the array (ie. the 
receivers looking at portions of the bands 20 and 21 in figure 2 each 
side of the portion looked at by receiver 30) , to a resistor network 41 
feeding the sum and difference inputs of a differential amp lifier 39 
having positive feedback via a capacitor 40 and forming, thereby, an 
active integrator. Die output of the integrator is fed to a digital 
processing system via a multiplexer (not shown) which multiplexes the 
outputs of all the integrators into the processing system. The timing 
circuit 36 may be common to all the receivers or it may be preferred to 
have one such circuit for each receiver. The gates 34 and 35, detector 
diodes 37 and 38 resistor network, amplifier 39 and capacitor 40 are 
supported on the receiver array substrate, say alongside the associated 
receiver. 

Thus, in the illustrated embodiment, two range gates are applied 
to all the receivers; a 'clutter gate' and a 'target gate'. The clutter 
gate will be longer than the target gate; in this example the clutter 
gates are three times its length. Thus if the target gate were 15 
metres long the clutter gate would be 45m long. As shown in Figure 3, 
the output of each elemental receiver has a weighting factor times the 



output of its own clutter gate arf of the clutter 9a.es of accent 
exits substractea fr« it. - this instance , , » clutter 

eens are chaste* wit, each target ceH, - weighting factor 
^ ninth. - size of t*e x^lacian filter an* its weight 
fact ors wouia be aatchea to * average sixe of the baOgrouna — • 
lf ^ target is seen against a uniform sea bacKgrouna, for eaa^e a 
L iarger — of clutter cells couia * usea - a greater 
enhanoaBe nt of .-11 targets acnievea. Other X^lacian filters of tnrs 
xct can be devxsed to ettentuate kn«n clutter shapes. 

As notea, the range gating suction ana integration ta.es place 
on or near the receiver 30 itself, taKing up little .ore sp~ 
receiver, - leaving relatively sic sceea soling a* Picture 

orocessing to be perform re^te fron the receiver array. 

^e — 1-* sho-n is the shiest envlsagea. 
^reciatea. a aevelop-nt wcuia be to e^loy —pie rang. . so 
Z an - - - — i-eaa of the line aesctibea, th^gh the 

V ■ orocessing tben becomes «>re cc^lex. By varying the range 
■on chrp" processing then ^ t^get 

Xts of a syste* of HonoUthic Array fivers is usea to en^nce *e 
JL- of ^ects which ^ only one pixel ^ « 
^tter sources which ~=upy ~ny pixels. the use of 

ran ge gating a* integration can reo.ce the neea for a great aeal of 
Z off chiP Processing. m action, by a^ately 

high speea o . . t(s) ^ ^ technique of 'on 

control!^ the range gate tuung crrcuitCs), the 



chip' range gating and integration can be used to produce quasi -picture 
stabilisation without the need for mechanical gimbals or digital 
transforms. Diis stabilisation can be used whether or not the target 
enhancement processing is carried out. 
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• an arrav of radar receivers 
, K target detection system casing an array of t 

fo r f or^ng signal indicative or res^ve pi~Xs - a^scene 

. ^^ssina means for ccnbining the 
. for each receiver, signal processing mean* 

^r^ — - - ~ 

IT contrast «— — I— — ^ — - — 
iteffl s ertendin, over several reoeiveIS 
, A target detection systen censing an array 

^rted by a dieiectric substrate and. for each receiver, range ^ 

^ receiver which correspond 

o f„r oassing signals f ran the associated receiver 

range gating ~ans. - — — ^ - 
the associate receiver, said range gating *eans 

intecrating **** being supjorted by said substrate. 

integrating 35 hereinbefore 

3 A ^get detection systea substantially 

described with reference to the accenting drawings. 



Amendments to the claims have been filed as fofows 

1- A target detection system comprising an array of radar 
receivers for forming signals indicative of respective 
Pixels of a viewed scene and, for each receiver, signal 
processing means for combining the receiver output with the 
outputs of adjacent receivers so as to enhance the contrast 
between scene items occupying only one pixel as against 
items extending over several pixels. 

2. A target detection system according to Claim 1, the 
system comprising and array of radar receivers supported by 
a dielectric substrate and, f or each receiver, range gating 
means for passing signals from the associated receiver, 
which signals correspond to radar returns from within a 
range determined by the range gating means, and integrating 
means for integrating the signals from the associated 
receiver, said range gating means and said integrating means 
being supported by said substrate. 

3. A target detection system substantially as hereinbefore 
described with reference to the accompanying drawings. 
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